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Anomalous gauge couplings of the Higgs boson at the LHC II: Study of additional 
backgrounds in semileptonic mode of WW scatterings 
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In addition to a previous paper 0], we study the backgrounds in which leptons coming from jet 
hadronization and from r decay to the process pp — > W + W ± j(j( —> 1 + Vijij2j{ji ror measuring the 
anomalous gauge couplings of the Higgs boson at the LHC. We show that these kinds of backgrounds 
can be effectively suppressed by the cuts already imposed in Ref. yj], so that all the conclusions in 
Ref. QT] will not be affected by these kinds of backgrounds. 
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Searching for the Higgs boson is of first priority in 
LHC experiments. Once a Higgs candidate is found, 
we then need to know whether it is the standard model 
(SM) Higgs boson or a Higgs boson in new physics be- 
yond the SM. So far we do not know what model of new 
physics will actually reflect the property of the nature. 
A model-independent way of measuring the anomalous 
couplings of the Higgs boson will provide a no-lose 
study, i.e., if we find nonvanishing anomalous couplings 
(deviation from the SM couplings), we can conclude that 
it is a new physics effect. In a previous paper we 
gave a hadron level study of a model-independent test 
of the anomalous gauge couplings of the Higgs boson 
at the 14 TeV LHC via the semileptonic mode of weak- 
boson scatterings pp — > W + W ± j(jl — > 1 + Vij 1 j 2 jlj2, 
and the conclusion is that, with certain kinematical cuts 
imposed, the measurement can start for an integrated 
luminosity of 50 fb _1 . For higher integrated luminos- 
ity, say 100 fb _1 , the two main anomalous coupling 
constants f ww /A 2 and / W /A 2 can be determined sep- 
arately which may provide a clue for figuring out the 
underlying theory of new physics. 

For convenience, we summarize the cuts imposed in 
Ref. H as follows. 
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\ i, charged Lepton transverse momentum cut 

p T (l + ) > 200 GeV. 



(1) 



ii, tagging two forward jets cut 

Mi/) > 20 GcV, E{j( ) > 300 GeV, 



2.0 < \ v (j{)\ < 4.5, 



<0. (2) 
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iii, hadronic decay of W (Single jet J with the largest 

Pt among the reconstructed jets via fcy algorithm): 
transverse momentum cut 

P T (J) > 200 GcV, v(J)v(l + ) < 0, (3) 

iv, hadronic decay of VP ± : invariant mass cuts 



65 GcV < Mj < 95 GcV 



v, cuts reconstructing the electroweak scale 
1.6 < log(p T Vy) < 2.0 



(4) 



(5) 



where y = — — , di2 = 2min(i?j ! , i?|)(l — cos0i2) 
dcut 

[Ei, E 2 , 12 are the energies and relative angle 
of the first two sub-jets before emerging into the 
single jet J, clustered by the k T algorithm, respec- 
tively (cf. Ref. @])], and d cut is the total energy 
by summing over all the reconstructed jets in each 
event. 

vi, top quark veto in order to suppressing top quark 
background 



130 GeV < Mjj < 240 GeV 



(6) 



vii, pt balance cuts for reconstructing l + tfrjjjfjf 

J2pt < ±15 GeV,. (7) 



viii, minijet veto: vetoing the events containing jets 
other than the signal jet J from VP ± decay [sat- 
isfying 10 and ((4)] in the central rapidity region, 
M < 2. 



In Ref. [1], the leptons, l + = e + , in the final state 
of the background processes are considered only from 
direct W + decays. However, in practical data analysis, 
there are other possibilities that the leptons may come 
from other sources mimicking the signal leptons, such as 
from the jet(s) hadronization (l + comes from the decays 
of pions, 77, J I V', etc. in the hadronization of jets) and 
from r decay, and thus become additional backgrounds 
to the signal process. In this short paper, we study these 
kinds of additional backgrounds and their suppressions 
for making the whole study more realistic. 

The first kind serves as a background only at the 
hadron level when the hadronization of the jet is taken 
into account since, at the parton level, the final state par- 
ticles are not the same as those in the signal process. For 
this kind of background, we shall study the following 
processes: 

VP -> Wjjj -> jjjfj f l + $t, (8) 
PP -> Zjjj -> jjjfjfl + fir, (9) 
VV -> 3333 -> Jjf3fl + ¥t, (10) 

PP -> 33333 -> 33313S 1 + $T , ( 1 1 ) 

in which the lepton l + comes from the hadronization 
of jets, and the two jets jfjj are chosen to satisfy the 
forward-jet cuts ©. The remained two jets jj in |(8}, 10 
and (ITTI l correspond to the jets in W(Z) — > jj, and will 
be required to behave as a "single" energetic jet J satis- 
fying the cuts |3} and ((4). 



For the second kind of background, we shall study the 
following backgrounds in addition to those studied in 
Ref. 01: 

PP -> Zj -> T+T-J -> l + Jjfjf+ #T, (12) 

where l + is from t + decay; and 

W -> Zjj -> T + T~jj -> l + jjjfjf+#T, (13) 

where l + is from r + decay, and the two jets jj corre- 
spond to the jets in W{Z) — > jj in the signal process, 
which should be required to behave as a "single" ener- 
getic jet J satisfying the cuts (|3) and @). 



VP -> Wjjj -> r + v T jjj -> l + jjj f j f $r, (14) 

where l + is from r + decay, and the two jets, jj, corre- 
spond to the jets from W decay but actually not neces- 
sarily behave as an energetic single-jet J; and 

PP Zjjj -> T + T~jjj l + jjjfjfJ^T, (15) 

where l + and jj are similar to those in Q4). 

Now we study the above additional backgrounds at 
the hadron level under the cuts summarized in Q)— (0 
and minijet veto taking account of both the initial and fi- 
nal state partons radiations, following the parton show- 
ers and hadronization of the final state jets by using 
PYTHIA 0] and the k T algorithm @] with the package 
ALPGENlH. 
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FIG. 1: Pt{1 + ) distribution in the process ( flOt and fTTt for an integrated luminosity of 100 fb 1 : (a) in the process i flOt , and (b) in 
the process (TTJ [those in the processes JHJ and (9j are similar to (b)]. 



In the backgrounds j8ll— l(TT1 l, we naturally estimate that the transverse momenta of such leptons are of the or- 

2 



der of the hadronization scale which are much smaller 
than the transverse momentum of the signal lepton from 
W + decays. Thus we expect that the imposed cut (TTJ 
can effectively suppress these backgrounds. After the 
hadronic level calculation using PYTHIA [2] and the k T 
algorithm [3] with the package ALPGEN JUl, we obtain 
the p T (Z + )-distributions in the processes ©— QJ}. The 
distributions in d8l> — (TTTb are all similar. As an exam- 
ple, we show the p T (7 + ) -distribution of the process JlOl l 
and (TTTb in FIG.[T] We see that the distribution is indeed 



mainly in the low p T (l + ) region, but there are still some 
possibilities of being in higher p T regions. We shall show 
that, with other cuts in <(TJ — <EJ^ these backgrounds are 
suppressed to be negligibly small. 

In FIG. 12 we plot the corresponding p T {l + ) distri- 
butions in the background processes l(T2"l l — ((T5l l. We 
see that, in these three processes, there are p T (l + ) dis- 
tributed above 200 GeV. Therefore other cuts in (TTJ— (0 
and minijet veto are also needed for suppressing these 
backgrounds. 




(c) (d) 

FIG. 2: p T {l + ) distributions in the background processes fl2t — |Ti5t.with an integrated luminosity of 100 fb _1 : (a) Pt(1 + ) distribu- 
tion in fl2l : (a) p T (l + ) distribution in fL2l : (b) p T {l + ) distribution in (13}; (c) Pt(1 + ) distribution in <fl4t : and (d) p T (l + ) distribution 
in{15j. 



To have a complete list of the efficiency of the imposed 
cuts in suppressing all the signals and backgrounds 
studied in the present paper and in Ref. U, we illustrate 
the complete cut efficiency in TABLE[I]by taking the case 
of m H = 115 GeV with f w /A 2 = 4.0 TeV~ 2 as an ex- 
ample. In TABLEHJ the column labeled by "particle ID" 
means that we take only the basic cuts for identifying 
particles taken in Ref. Q]] according to the detecting lim- 
its of the detector (ATLAS or CMS) without imposing 
the kinematic cuts i— viii. 

We see from TABLEU that all the additional back- 



grounds studied in this paper (the first eight rows) are 
made negligibly small by imposing the first four cuts, 
i— iv [Eqs, Q}— Q]. Therefore, with the cuts ©— and 
minijet veto already imposed in Ref. (without adding any 
new cuts), all the conclusions stated in Ref. iQ/ are not af- 
fected by taking account of the additional backgrounds stud- 
ied in this paper. So we state our final conclusion as fol- 
lows. With the kinematic cuts imposed in Ref. a model- 
independent test of the anomalous gauge couplings of the 
Higgs boson at the 14 TeV LHC via the semileptonic mode of 
weak-boson scatterings pp W + W ± j{j( —} l + v l j 1 j 2 j{jl 



3 



can be obtained by imposing the kinematic cuts dTJ 1 — end 
minijet veto. The experimental measurement can start for an 
integrated luminosity of50fb~ x . For higher integrated lumi- 
nosity, say 100 fb" 1 , the two main anomalous coupling con- 



stants f ww /A 2 and f w /A 2 can be quantitatively determined 
separately to a certain accuracy fl/ which may provide a clue 
for figuring out the underlying theory of new physics. 



TABLE I: Cut efficiency of the cross sections (in fb) for the above additional backgrounds d8t — fl5t, the signal plus irreducible 
backgrounds (IB), and the reducible backgrounds considered in Ref . 0]] with the Higgs boson mass ran = 115 GeV, and the 
anomalous coupling fw /A = 4.0 TeV~ (with other anomalous couplings vanishing) as an example. All processes are studied 
up to the hadron level. The column labeled by "particle ID" means that we take only the basic cuts for identifying particles (cf. 
Ref. (3]) according to the detecting limits of the detector (ATLAS or CMS) without imposing the kinematic cuts i— viii. 



Cuts 


particle ID cut=i [(1)] cut-ii [Q] cuts 


iii, iv [(3), 14)] cut-v [©] cut-vi [(g)] cut-vii [0] cut- 


viii: Minijet veto 


W+3j [(8)] 


2525616 













Z+3j [(9)] 


511353 













4j [(10)] 


3299949610 


24566.5 











5j [(H)] 


572442776 













Z+j [(12)] 


417519 


23.57 


1.47 









Z+2j [(13)] 


151189 


45.7752 











W+3j [(14)] 


420936 


224.356 


44.8711 









Z+3j [(15)] 


3525.88 


0.818498 


0.204625 


0.102312 







signal with IB in Ref. [1] 


210.66 


34.55 


11.29 


7.01 


2.42 2.39 2.28 


2.28 


IB (f w = 0) in Ref. [1] 


338.82 


36.08 


9.44 


4.12 


1.29 1.27 1.26 


1.26 


WZ+2-jet in Ref. [1] 


1431.67 


36.93 


2.40 


0.12 


2.7xl0~ 2 2.3xl0~ 2 5xl0~ 4 




W+3-jetinRef.[l] 


2908923 


9630.86 


104.25 


0.10 


6.1xl0 -3 4.7xl0~ 3 2xl0~ 4 




ft in Ref. [1] 


407776.84 


2586.47 


61.77 


1.09 


0.09 0.06 2xl0~ :i 
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